Current guidelines for the treatment of catheter-related bacteraemia (CRB) advise against central venous catheter (CVC) exchange because of the potential risk of prolonging infection. However, there are no consistent data proving this recommendation. We evaluated prospectively the usefulness of CVC exchange by guidewire for the treatment of CRB in patients undergoing BMT or intensive chemotherapy. CVC exchange was considered when fever and positive blood cultures persisted after 2 days of adequate antimicrobial therapy and no potential source of bacteraemia other than CVC could be identified. The guidewire exchange was preceded and followed by a slow infusion of adequate antimicrobial therapy. Bacteraemia was confirmed as catheter-related by demonstrating concordance between isolates from the tip and blood cultures by pulsed-field electrophoresis of genomic DNA. This procedure was performed in 19 episodes of bacteraemia during a 1-year period. Fourteen episodes (74%) were catheter-related and 71% of these were due to coagulase-negative staphylococci. Guidewire replacement was accomplished uneventfully 4 days after development of sepsis (range 3-6). In all cases, clinical signs of sepsis disappeared in less than 24 h after replacement. Definitive catheter withdrawal was carried out a median of 16 days (range 3-42) after guidewire exchange; in all cases, the tip culture was negative. We conclude that CVC replacement by guidewire under adequate antimicrobial therapy may be a reasonable option for the treatment of CRB when antimicrobial therapy alone has been unsuccessful. Keywords: catheter-related bacteraemia; infections treatment; catheter exchange Bacteraemia is the most frequent life-threatening complication of central venous catheters (CVC).
as three out of four suspected cases of CRB.
2 CVC exchange by guidewire is currently accepted in the management of suspected CRB, although the catheter should be relocated to a new site if the tip culture confirms the diagnosis of CRB. [3] [4] [5] [6] This recomendation is based on several studies [7] [8] [9] reporting anecdotal cases of immediate tip contamination of the guidewire-inserted catheter. However, in BMT patients and other high-risk patients with thrombocytopenia, this policy constitutes a potential risk for haemorrhage. We hypothesized that, as it occurs in replacement surgery of infected prosthetic devices, adherence of microorganisms and subsequent biofilm formation on the CVC exchanged by guidewire would be unlikely if a high concentration of an appropriate antibiotic were present on the surface of the catheter at the time or shortly after the arrival of the pathogen and were maintained for a critical span of time.
To evaluate the safety and efficacy of CVC exchange by guidewire after unsuccesful antimicrobial therapy in patients undergoing BMT or intensive chemotherapy with a suspected CRB, we designed this prospective study.
Patients and methods
Adult patients with a double lumen CVC placed in the jugular vein and severe thrombocytopenia due to the conditioning regimen for BMT or intensive chemotherapy were prospectively evaluated. They were included in this study when all the following conditions were met: (1) patients had criteria for non-severe sepsis; 10 (2) there was no other obvious source of infection; (3) there were no inflammatory signs at the catheter insertion site; and (4) the episode of sepsis was confirmed by at least two positive peripheral blood cultures.
Broad-spectrum antibiotics were administered through the catheter as soon as sepsis was suspected. Empirical antibiotic therapy was appropriately adjusted according to antimicrobial susceptibility of the blood culture isolates. If the patient remained febrile (у38°C) after 2 days of appropriate antimicrobial treatment, peripheral blood cultures were drawn again. When any of these blood cultures was still positive for the same initial species, CVC was aseptically exchanged by guidewire according to the Seldinger technique. 11 To avoid attachment of microorganisms to the surface of the new catheter, we followed a strict protocol in accordance with our working hypothesis. The old catheter was exchanged through a guidewire immediately after a dose of appropriate antimicrobial treatment infused through the distal lumen; once the new catheter was in place a second dose of the same therapy was slowly infused (8-12 h ) through the distal lumen. After catheter exchange, patients were kept on appropriate antimicrobial therapy for as long as considered necessary by the physician in charge. Prior informed consent was obtained from patients or their relatives.
The tip of the catheter was placed in broth and cultured qualitatively. A positive tip culture for the same species as the one isolated from blood cultures with an identical pulsed-field electrophoresis pattern of genomic DNA, digested with low-frequency cleavage restriction endonucleases, was required to definitively consider bacteraemia as catheter-related. 12 Clinical follow-up included potential immediate complications and clinical evolution until the definitive withdrawal of the catheter or the patient's death. Microbiological efficacy was validated when tip culture from the new catheter was either negative, or positive for a different microorganism.
Results
Seventeen patients with malignancies (nine allo-BMT, two auto-BMT and six intensive chemotherapy) met the inclusion criteria and had their CVC exchanged by guidewire (Table 1) . Table 1 shows the main patient characteristics, broad-spectrum antibiotics administered when CRB was suspected, and when the CVC was exchanged. In five patients (patients 1-5, Table 2 ), whose blood cultures had been positive for Staphylococcus epidermidis (two), Staphylococcus hominis (one), Pseudomonas aeruginosa (one) and Streptococcus mitis (one), the tip cultures were nega- Table 1 Main characteristics of patients included in the study tive. All became afebrile after catheter exchange. Although these cases did not fulfil the criteria for CRB diagnosis, microorganisms were not further isolated from the tip cultures of the exchanged CVC upon definitive withdrawal. The remaining 12 patients (patients 6-17) had 14 episodes of confirmed CRB (Table 2) 
exchange; in all cases the tip culture was negative.
Discussion
Coagulase-negative staphylococci (CNS) are known to be the leading cause of catheter-related infections accounting for more than 50% of CRB episodes. 13 The pathogenesis of CVC colonization involves formation of a bacterial biofilm on the catheter surface. 14, 15 Embedded biofilm bacteria are less metabolically active because of a lack of accessibility to essential nutrients and/or an inadequate dis-charge of metabolic waste products. These bacteria are also less permeable to antibiotics. Although prompt antibiotic therapy may successfully eliminate the colonization of CVC by CNS, 16 full development of the biofilm makes it very difficult to remove. 17 Once the biofilm is established antibiotic therapy acts only on the bacteria located in the upper regions of the biofilm which are easily replaced by the embedded biofilm bacteria. Electron microscopy data have shown that catheter colonization is predominantly luminal in long-term CVC. 18 An antibiotic administered directly into a CVC produces great concentrations of active agent but only for a few minutes. These mechanisms prevent eradication of the associated infection unless the catheter is removed. Bacterial contamination may occur on the CVC exchanged by guidewire, but the microorganisms transferred are likely to be those in the upper layers of the biofilm, vulnerable to antimicrobial agents. The results of our study support the hypothesis that adequate antimicrobial therapy through the lumen of the exchanged catheter prevents the formation of a new biofilm on the catheter surface.
In our study, CVC exchange by guidewire allowed replacement of colonized catheters by sterile ones with no need for a different insertion site. This procedure helped to confirm the diagnosis of CRB and contributed to solving it in all cases allowing the line to be kept in place for as long as needed. Although a second episode of CRB occurred in two patients, causative microorganisms in both episodes were unrelated. Catheter tips from all the exchanged catheters were sterile upon CVC withdrawal.
We used the qualitative culture method of the tip to increase sensitivity of diagnosis of CRB, and the analysis of chromosomal restriction fragment patterns of catheter Table 2 Diagnostic and therapeutic aspects of the episodes of bacteraemia Despite these results, as CRB may respond to antimicrobial therapy without the need to withdraw the catheter, 16 the initial treatment of CRB should always be antimicrobial therapy. However, as our study shows, if there is no clinical improvement, or signs of sources of infection other than the catheter, and no inflammatory signs at the insertion site, it is possible to withdraw the CVC by guidewire exchange. Maintaining antimicrobial therapy alone to treat a CRB that persists for more than 48 h may constitute a risk for the patient and an additional cost for the institution.
For the purpose of the study, only patients undergoing BMT or intensive chemotherapy were included in the study although there is no obvious reason to think that this approach could not also be useful in other patients with long-term CVC. Antimicrobial therapy was administered from diagnosis of sepsis until CVC replacement and con-tinued for a mean of 4 days thereafter because of the severe neutropenia present in most patients. However, antibiotic administration restricted to a shorter period might be reasonable, as manifestations of sepsis after replacement lasted no longer than 1 day. Further studies are necessary to ascertain the appropriate duration of concurrent antimicrobial therapy in the treatment of CRB by guidewire exchange.
We conclude that CVC replacement by guidewire with antimicrobial therapy according to our protocol may be effective and safe for treating non-severe CRB due to CNS in patients with no inflammatory signs at the insertion site who have not responded to antimicrobial therapy alone. Although this conclusion might also be valid for bacteria other than CNS, there are too few such cases to draw a definitive conclusion; as the results of our study have shown.
